Questionnaire for Pilot CPTs PIs Gravity Current Entrainment CPT
1. Accomplishments.

What have been the principal accomplishments of your CPT? What new understanding of climate processes has resulted from your CPT? What parameterizations have been developed and implemented in which models by the CPT? What has been the impact on the climate simulations produced by these models? Which of these accomplishments would not have been possible without the CPT framework? 
The principal accomplishment of our CPT has been the development and implementation of several different physically-based and observationally supported parameterizations/representations of overflows. In particular, the Extended Turner Parameterization (TPX) has been implemented in HYCOM, and is also available in GOLD, the Hallberg Bottom Boundary Layer model has been implemented in GOLD, and is also available in HYCOM, the Jackson-Hallberg scheme (JHS) has been implemented in GOLD, and the Marginal Sea Boundary Condition (MSBC) has been implemented in NCAR-CCSM and HYCOM. Of these 4 parameterizations, HBBL and JHS are completely new, TPX is a substantial revision of the pre-existing parameterization Turner-Ellison entrainment parameterization, and MSBC existed prior to the CPT, but had not been implemented in a global model, for which several modifications were needed. 
We are still in the process of fully assessing the climate impacts of overflows. Parameterizations of overflows and associated entrainment have been implemented in the ocean component of the Community Climate System Model (CCSM) at Gibraltar, Denmark Strait and Faroe Bank Channel. The software infrastructure also includes the Antarctic and Red Sea overflows and it will be made generally available. To date, the results indicate that the parameterized Mediterranean (Strait of Gibraltar) overflow produces a realistic North Atlantic Mediterranean Salt Tongue, but the impact on the global climate is small. The Nordic Sea overflow parameterizations have been successful in substantially reducing model biases throughout the water column of the North Atlantic, suggesting that they will impact the ocean’s uptake of heat and anthropogenic constituents such as carbon dioxide and CFCs. 
At GFDL, the improved overflow representation has allowed the new isopycnal model GOLD to be considered a viable candidate for the ocean component of the GFDL coupled model. Again, the impact of overflows on the climate simulations is currently being assessed in the GFDL coupled model, but earlier results show that overflow entrainment can have a significant impact on North Atlantic sea-surface temperatures. 
These accomplishments are entirely due to the CPT: overflow improvements were not a development priority for the CCSM ocean model until the funding of the CPT proposal so that without the CPT, MSBC would not have been implemented into CCSM. The development of the TPX, HBBL and JHS parameterizations would not have happened without the CPT since their development was strongly dependent on the interactions which took place between different team members and different institutions.  

Other accomplishments have been a more complete and thorough understanding of the similarities and differences between different overflows, which has been achieved through the development of a comparative Table of Observations, as well as through different idealized, regional and global model simulations. This comparison between different overflows would not have happened without the CPT, since programs funded through the usual channels usually focus on a single location or process. 
Finally, the CPT funded 3 postdocs (at WHOI, Univ. of Miami and GFDL) and partially funded two different researchers at NCAR. The training these postdocs received in combining model development with understanding gained from observations and theory will stand them in good stead in their future careers. Laura Jackson in particular has proceeded on to a permanent position at the UK Met Office Hadley center. In addition several students at the University of Miami and Woods Hole, although not funded by the CPT, participated in the workshops and gained exposure to the diversity of work done by the CPT participants, enhancing their doctoral experience.  
2. Legacies. 

What are the legacies of your CPT? In addition to the parameterizations above, what products, data-bases, benchmark calculations, new code modules, community links etc, will remain after the CPT has ended? What publications have resulted from the CPT? 
The primary legacies of the CPT are the improved global ocean models, CCSM, GOLD and HYCOM, that will be used for future climate projections and the AR5 in particular. The new parameterizations are available to the community, both as published algorithms and also as code modules. Simulation data from coupled simulations are available to the community. 

Several idealized and regional simulations carried out during the CPT also serve as legacies. The DOME idealized test-case is now being adopted by the wider community for evaluation of different models’ ability to represent downslope flows. Data from benchmark high-resolution nonhydrostatic calculations is available for comparison with other simulations. Regional configurations for the Faroe Bank Channel, Mediterranean outflow and Red Sea overflow have been published and are already serving as testbeds for other models. 
The Table of  Observations is available to the community on the web, for comparison with model simulations, and is planned to be submitted for publication. 

An important legacy will be the continued collaborations with CPT partners. Now that the links have been established we expect further research and collaboration to continue. The modeling centers will continue to enlist the participation of the academic scientists in the development of future improvements to the parameterizations, and their evaluation. New understanding from future field programs and theoretical studies now has a ready avenue to be communicated to model developers. 
Numerous publications have resulted from the CPT effort, as well as many presentations and several special sessions organized at various large conferences. For convenience publications are listed at the end of the questionnaire. 

3. Challenges

What were the principal challenges faced by your CPT? What difficulties have you encountered as you attempted to meet your goals? 

The most significant challenge was the man-power and training required to actually implement the highly sophisticated parameterizations into the global models. This task required significant effort on the part of the more experienced modelers at both GFDL and NCAR, since postdocs and junior scientists did not necessarily have the detailed understanding of the model code required. The modeling center staff, small in number, was also challenged by the competing demands such as the AR4 IPCC deadlines. 
4. Lessons learned

What aspects of your CPT contributed to its successes? What recommendations do you have for the organization of future CPTs? 

This CPT showed that it can be very effective to bring together a wide spectrum of observationalists and modelers together to address a specific problem. A crucial element for success, given the large manpower commitment required from the modeling centers, is strong demand for a solution from the modeling centers, and individuals at the modeling centers strongly committed to the CPT scientific issues. 

Direct funding to the modeling centers was essential, so that the CPT received continuous attention, and also, in the case of NCAR, so that additional computing and scientist resources could be leveraged. In this way the direct funding was more than matched. 
We found that the information exchange and annual workshops were essential contributors to the success of these CPTs. Just putting the different participants, climate model developers, observationalists and process modelers, in the same room led to several new ideas. Participants found the workshops to be professionally and personally very satisfying. 

An absolute necessity was for the modeling centers and model development teams to abrogate some of the authority to dictate model development priorities to the theoretical, observational and process model communities represented in the CPT. A key is that these communities are ready to pass possible climate model improvements to the Climate Centers, so that the lifetime of the CPT is sufficient for implementation, refinement and climate assessment; with new developments a bonus. Specifically in our case, the MSBC parameterization, and TE (Turner-Ellison) parameterization existed prior to the CPT, which greatly helped in focusing attention on implementation issues, and directions for improvement. 
Furthermore, an aspect of CPTs critical to success was the absence of any additional field observations, which should continue to be supported in other ways and not become part of any CPT. The observationalists were highly engaged in our CPT, though the development of the comparative Table of Observations, and though comparison of observations with both regional and global simulations.
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